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ABSTRACT

Using data from the 1997 Survey of Drivers con-
ducted by the University of Michigan Trucking
Industry Program, we identify the factors which
substantially affect three safety measures: accidents,
moving violations, and hours of service violations.
The variables used include both operational charac-
teristics (firm size, trailer type) and personal char-
acteristics (age, race, union status). Using both basic
descriptive statistics and probit estimation, we find
that the variables that have the most impact on the
three safety measures are operational in nature, not
individual characteristics.

INTRODUCTION

There can be little doubt that safety in the trucking
industry is one of the most contentious issues in
transportation. With headlines that read,
“America’s Most Dangerous?”” and “They Drive
by Night,” articles on trucking safety appear more
and more frequently in the popular press. One
recent example appeared in the Denver Post titled
“Truck Crashes Claim Thousands: Safety Agency
Ripped for Shoddy Oversight” (Alonso-Saldivar
1999) with a passage that read, “Spewing gravel
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on windshields and careening across crowded free-
way lanes, trucks are the staple of local news video
of chain-reaction death on the highway.”

Up from 4,755 in 1996, the number of trucks
involved in fatal accidents, the most often-cited
measure of safety, was 4,871 in 1997, with the
total number of fatalities stemming from these
accidents at 5,355. However, more trucks were
involved in driving more miles in 1997 than in
1996. The rate of fatal accidents was 2.5 per 100
million miles traveled in 1997, down from 2.6 the
year before (Schulz 1998c).

Truck accidents are much less likely than pas-
senger car accidents to involve illegal alcohol con-
tent: 1.4% versus 19.4% (Schulz 1998b). Though
there has been concern in the past with drug use by
truck drivers, especially amphetamines, in 1996
less than 0.2% of truck drivers tested positive for
drug use.The purpose of this paper is to assess the
characteristics which influence driver safety. To
this end, we employ data obtained by the
University of Michigan Trucking Industry Program
in its 1997 Survey of Drivers.! These data have the
advantage of being comprehensive since they
include questions on individual and firm charac-
teristics, hours of service regulations, and safety,
and of having been collected from a nongovern-
mental source, perhaps ensuring more confidence
from the drivers and thus more reliable and honest
responses to sensitive questions.

1 The data are from a survey of over-the-road and local
drivers in the motor freight industry conducted by the
University of Michigan Trucking Industry Program
(UMTIP) in the late summer and fall of 1997. The survey
used a two-stage, stratified sampling procedure in which
interview sites, truck stops, were randomly selected with-
in state and establishment size categories. Interviewers
approached entrants to the selected truck stops using a
random selection scheme. Sixty-three percent of eligible
participants, 573 drivers, agreed to take the survey, which
took forty minutes. The survey collected information on
topics including respondents’ work history; the character-
istics of their job and the structure of compensation on the
job; time spent working, waiting and resting in the last 24
hours and on the last completed trip; the use of technolo-
gy; respondents’ characteristics, education, and job train-
ing; their use and attitudes toward log books and the
hours of service regulations; and their views about the
current employer and unions.

Using these data, we first use descriptive statis-
tics to assess the factors, both operational and per-
sonal, which influence driver safety. We then
employ probit estimation techniques to assess what
impact the significant variables have on driver safe-
ty, all else remaining constant. Our results indicate
that variables such as hours of sleep and miles dri-
ven, as well as method and rate of pay, play major
roles in driver safety.

RELEVANT LITERATURE

There were 151,000 trucks involved in traffic acci-
dents in the United States in 1994, resulting in
5,501 fatalities and 110,000 nonfatal injuries
(Center for National Truck Statistics 1996). The
1996 fatality rate for commercial motor vehicles
was 2.8 per million miles traveled, versus 2.0 per
million miles traveled for passenger cars (Schulz
1998b).

Many studies have attempted to explain the fac-
tors in these accidents and the relative likelihood
that a commercial motor vehicle will be involved in
a traffic accident. Explanatory variables used
include, among others, driver fatigue, driver hours
of service, driver age and experience, driving con-
ditions, driving under the influence of alcohol, and
deregulation of the trucking industry. Human error
is cited more often than mechanical defects in
truck-related fatalities, emphasizing the need to
study variables such as and similar to the afore-
mentioned (Schulz 1998b).

Perhaps the most visible safety hazard in the
trucking industry is driver fatigue. At the 1995
National Truck and Bus Safety Summit, driver
fatigue was identified as the leading safety issue in
the industry (USDOT FHWA 1998). The National
Transportation Safety Board estimated 31% of all
truck-driver fatalities and 58% of all single-truck
crashes are fatigue related (Schulz 1998a).

According to the NASA/Ames Fatigue Counter-
measures Group, fatigue is caused by two physio-
logical phenomena: sleep loss and circadian
rhythm disruption. As little as two hours of sleep
loss, which over several days can accumulate into
a “sleep debt,” can negatively affect performance
and alertness. The disruption of circadian rhythms
occurs with schedule changes, such as crossing
time zones or shift changes. Truck drivers, espe-
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cially long-haul drivers, are unusually vulnerable
to both types of fatigue.

In 1988, Congress directed the Federal Highway
Administration to study driver fatigue and its
implications with respect to the hours of service
rules. The FHWA concluded in the “Commercial
Motor Vehicle Driver Fatigue and Alertness
Study”(USDOT FHWA 1996) that “drivers in the
study did not get enough sleep” and “were not
very good at assessing their own levels of alert-
ness.” A publication in the New England Journal
of Medicine (Mitler et al. 1997) presents the results
of electrophysiologic and performance monitoring
of drivers. The drivers averaged only 4.78 hours of
electrophysiologically verified sleep per day. Forty-
five of the drivers (56%0) had a least 1 six-minute
interval of drowsiness while driving, and 2 drivers
had 1 episode each of stage 1 sleep (the lightest
stage of sleep) while driving.

The hours of service rules were implemented in
the 1930s to protect drivers from being forced to
work long and unsafe hours and have changed lit-
tle since that time. These rules prescribe the maxi-
mum hours that a driver may spend on-duty or
driving. On-duty time includes all time that the dri-
ver is responsible for the truck, including passive
activities such as waiting to load or unload. Ten
hours of driving is permitted after 8 consecutive
hours off-duty, and driving is not permitted after
15 hours on-duty. During any seven-day period, a
maximum of 60 hours of driving is permitted. Or,
a maximum of 70 hours of driving is permitted
during any eight-day period.

Braver et al. (1992) present the results of a study
in which 1,249 tractor trailer drivers were inter-
viewed at various locations in Connecticut, Florida,
Oklahoma, and Oregon about their usual hours of
work and driving. They found that 73% of the dri-
vers were classified as hours of service violators.
Significant risk factors for being a violator included
the following: low pay rates per mile, high annual
miles driven, employment with a for-hire firm, irreg-
ular route schedules, having received an unrealistic
delivery deadline within the past month, carrying a
perishable commaodity, and frequent difficulties find-
ing parking in rest areas or truck stops.

Beilock (1995) reports the results of a survey of
500 drivers exiting the Florida peninsula on

January 25 and 26, 1998. Depending on average
speeds, between 17% and 30% of the drivers sur-
veyed had violation-suspect schedules; between
14% and 26% of the schedules were judged as vio-
lation-inducing. Factors that contributed to a tight
schedule included the following: solo driving, full
loads, refrigerated loads, regular-route schedules,
and current trip lengths over 1,000 miles.

Kaneko and Jovanis (1992) developed a method
to estimate the relative accident risk or different
driving patterns over a multiday period. Nine dis-
tinct driving patterns were identified from a data
set of over 1,000 drivers. Additional models
Kaneko and Jovanis developed considered the dri-
ver’s age, the driver’s experience with the employ-
ing firm, the driver’s number of hours off-duty
prior to the last trip, and the hours driving on the
last trip. They concluded that, with marginal sta-
tistical significance, early and late morning driving
over multiple days was associated with the highest
accident risk. Driver age and the number of hours
off-duty immediately prior to a trip did not appear
to significantly affect accident risk, but driver expe-
rience and the number of consecutive hours driven
were significant. Drivers with one to five years of
experience comprised the highest risk group, while
drivers with less than one year of experience com-
prised the second highest risk group. The lowest
risk associated with the number of consecutive
hours driven was during the first four hours, and
the highest risk was beyond nine hours driven.

Jones and Stein (1987) conducted a case-control
study of crashes in the state of Washington from
June 1984 to July 1986. They concluded that dri-
vers who drive in excess of hours of service regula-
tions, young drivers, and interstate drivers were
likely to have an increased relative risk of crash
involvement.

Traynor and McCarthy (1993), using data from
California, examined whether the Motor Carrier
Act of 1980, which deregulated the trucking indus-
try, affected the probability that a truck would be
involved in an accident or that a truck would be at
fault in an accident. They concluded that econom-
ic deregulation, which essentially allowed the
trucking industry to become nearly perfectly com-
petitive, had a “statistically insignificant (positive)
effect on highway safety.” Alexander (1992) deter-
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mined that Traynor and McCarthy’s conclusion
about deregulation in California was not different
from what occurred in other states.

DESCRIPTIVE STATISTICS

Using the findings of previous studies as a founda-
tion and incorporating some of our own hypothe-
ses on the factors which may play a significant role
in driver safety, we generated descriptive statistics
using the UMTIP 1997 data sets, and these factors
were related to three safety measures. The three
safety measures are: first, whether the driver re-
ported having been involved in an accident report-
ed to the police while on duty in the 12 months
prior to the interview (this includes all accidents,
not the subset of fatal accidents); second, whether
the driver had been cited for a moving violation
while on duty in the 12 months prior to the inter-
view; and, third, whether the driver had reported
working more than he/she had logged in the last 30
days. All of these are binary variables that take a
value of one if the respondent replied in the affir-
mative to any of the questions and zero otherwise.
In the sample, 15.01% reported that they had been
involved in an accident; 29.87% reported having
received a moving violation; and 57.8% reported
having worked more than was logged in the last 30
days.? (Interestingly, 82.58% of all drivers report-
ed that, in general, they thought logbooks were
inaccurate.) The relatively high rates of affirmative
response for each of the three safety measures lead
us to believe that any underreporting due to the
sensitive nature of the questions is rather low.

Descriptive statistics were compiled on driver
characteristics such as race, age, experience, educa-
tion, mileage, and sleep. Operational characteris-
tics were also examined, including firm size,
method of payment, employment status, and type
of commodity hauled. Basic descriptive statistics
on the sample used are presented in table 1.

2 One might assume that these three measures are highly cor-
related; however, this is not the case. The simple correlation
coefficient between accidents and moving violations is
-0.05, 0.03 between accidents and logbook violations, and
0.14 between moving violations and logbook violations.

TABLE 1 Descriptive Statistics on the Driver
Survey Sample Used for Estimation

Earnings and Miles

1996 annual earnings $35,758
1996 annual miles 114,269
Collective bargaining
Union member 10.4%
Human capital
Age 42.1 years
Occupational experience 15.3 years
Less than high school education 19.3%
High school diploma 45.8%
Vocational or technical degree 5.1%
Some college 21.0%
Associate of arts 4.2%
College degree or higher 4.7%
Race and ethnicity
African American 9.0%
Native American 1.7%
Hispanic 2.4%
Caucasian 86.9%
Other characteristics
Local driver 12.1%
Owner-operator 25.9%
Private carriage 18.3%
Paid by the hour 15.3%
Paid by percentage of revenue 34.2%
Firm size
25 employees or less 21.5%
25 to 99 employees 20.4%
100 to 249 employees 14.5%
250 to 499 employees 11.3%
500 to 999 employees 10.4%
1,000 to 4,999 employees 11.7%
5,000 employees or more 3.8%

Last 24 hours

8.21 hours (std. dev. = 3.14)
404.5 miles (std. dev. = 268)

Safety characteristics

Sleep
Miles driven

Accident in last 12 months 15.0%
Moving violation in last 12 months 29.9%
Worked more than logged in last month 57.8%

Race

Whites reported the highest percentage of accidents
(16.119%) and logbook violations (58.29%). The
most interesting results of linking race to safety
measures are the statistics on the subgroup of
African-American drivers. African-Americans
reported the lowest percentage of logbook viola-
tions (32.19%) and accidents (10.02%), but, of the
three specific races, African-Americans reported the
highest percentage of moving violations (35.73%b).
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Age

The relationship between age and safety measures
is generally a U-shaped function but has significant
fluctuation, as can be seen in table 2. Initially, the
percentage of reported accidents and violations is
high but decreases as age increases. The percentage
then turns upward once again as age increases. The
U-shaped function tends to hold for accidents as
well. Only 10.19% of the age group 51 to 60
reported involvement in an accident in the past
year, while age group 61 and older reported the
highest, at 31.23%. Although the youngest group
(18 to 25) did not consistently report the highest
percentage of violations or accidents, the 26 to 35
group, comprising 22% of the total sample, report-
ed the second highest percentage of accidents and
moving violations (18.06% and 38.03%, respec-
tively), and almost 70% reported violating their
logbook in the past 3 months.

Firm Size

The initial statistics indicate an inverse relationship
for accidents and moving violations and firm size,
as is presented in table 3. As the size of the firm
increases, the percentage of reported accidents and
moving violations decreases. Only 8.01% of dri-
vers employed at firms of 500 to 999 employees,
5.45% of drivers at firms with 1,000 to 4,999
employees, and 11.11% at firms with 5,000 or
more employees reported involvement in an acci-
dent in the previous year, compared with roughly
20% of drivers at firms with less than 25 or with
25 to 99 employees. Approximately 40% of dri-
vers employed at firms with less than 25 employees
reported a moving violation, compared with
8.40% of drivers employed at firms of 500 to 999
employees and 12.27% of drivers at firms with
5,000 or more employees.

For most categories of firm size, about one half
of the respondents reported violating their log-
book. At the high end, 68% of the drivers
employed at firms with 500 to 999 employees
reported violating their logbooks, even though
they reported at or near the lowest percentile for
accidents and moving violations. The figures drop
markedly for the largest firms, with 37.6% of dri-
vers at firms with 1,000 to 4,999 employees and
27.6% of drivers at firms with 5,000 or more

TABLE 2 Statistics on Safety Characteristics
by Age Group

Percentage Percentage Percentage
Age group of of moving of logbook
(in years) accidents  violations  violations
18 to 25 14.72 45.02 62.86
26 to 35 18.06 38.03 69.35
36 to 50 14.27 26.19 57.83
51 to 60 10.19 28.02 37.26
61 and older 31.23 28.55 44.57

TABLE 3 Statistics on Safety Characteristics

by Firm Size

Percentage Percentage Percentage
Firm size of of moving of logbook
(in employees) accidents violations  violations
25 or fewer 18.81 40.36 54.47
25 to 99 20.83 34.13 55.73
100 to 249 16.18 24.72 61.74
250 to 499 15.09 31.38 59.47
500 to 999 8.01 12.87 68.19
1,000 to 4,999 5.45 21.82 37.59
5,000 or more 11.11 12.27 27.62

TABLE 4 Statistics on Safety Characteristics
by Occupational Experience

Occupational Percentage Percentage Percentage
experience of of moving of loghook
(in years) accidents  violations  violations
1 27.55 36.52 15.30
2 8.03 39.20 59.73
3 20.54 23.64 68.37
4t05 13.35 23.35 74.06
6to8 10.48 28.77 53.08
9to 12 12.45 4751 75.33
13 to 15 13.10 19.40 55.52
16 or more 16.48 27.91 48.71

employees reporting logbook violations in the last
30 days.

Occupational Experience

Experience seems to have a positive effect on the
safety measures but is undoubtedly skewed some-
what because of its high correlation with age. As
table 4 indicates, drivers with 1 year of experience
reported the highest percentage of accidents, at
almost 28%. As the drivers gain experience, the
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accident rate declines, with some fluctuation, and
bottoms out around 11% for drivers with 6 to 8
years of experience. The rate then begins a slow
incline to 16.48% for drivers with 16 or more
years of experience.

The relationship between experience and mov-
ing violations is not as clear. With the highest per-
centage, nearly 48% of drivers with 9 to 12 years
of experience reported a moving violation, while
only 36.52% of drivers with 1 year of experience
reported a moving violation. Drivers with 13 to 15
years of experience reported the lowest, at just
under 20%. Those with 16 or more years report-
ed at almost 28%.There is no clear relationship
between experience and logbook violations.
Around 50 to 75% of the drivers reported they had
worked more than they logged in the last 30 days,
with one exception. Only 15.30% of the drivers
with less than 1 year of experience reported violat-
ing their logbook in the last 30 days.

Method of Payment

Drivers paid by percentage of revenue reported a
higher percentage of accidents, moving violations,
and logbook violations (18%, 38%, and 63%,
respectively) than those paid by the mile (13%,
27%, and 55%o, respectively). This is not surpris-
ing because a driver who is paid by the mile typi-
cally gets paid the same amount per mile regardless
of the revenue generated by the load (exceptions
being premiums paid for hazardous materials,
etc.). Drivers who are paid a percentage of revenue,
primarily owner-operators, tend to drive more
miles and run more loads in order to compensate
for any empty or low-revenue loads.

Owner-Operators versus Employees

The rates of accidents and logbook violations are
remarkably similar across employment status, with
roughly 15% of those in each group reporting an
accident in the 12 months prior to the interview
and nearly 60% of drivers in each group reporting
that they had worked more than they logged in the
last 30 days. Moving violations, however, varied
across employment status, with 38% of owner-
operators reporting a moving violation in the last
12 months versus 30% for employee drivers.
When comparing those in the for-hire segment

to drivers in the private carriage segment, we find
that safety characteristics are again similar.
Approximately 55% of drivers in each group
admit to violating the hours of service regulation in
the past 30 days, and roughly 30% report receiv-
ing a moving violation in the last year. The accident
rate, however, varies significantly between the
groups, with private carriage drivers (23%) more
likely than for-hire drivers (13%) to have been
involved in an accident in the past year.

Van Type

It is indicated that drivers pulling a drybox are
somewhat safer than drivers with other trailer con-
figurations. There is little difference between dry-
box and other trailer configurations for accidents
and moving violations, but there is a large discrep-
ancy for logbook violations within the past 30
days. For all trailer configurations, around 15% of
drivers reported an accident within the past year,
while roughly 30% reported a moving violation.
As for logbook violations within the past 30 days,
just under 50% of drybox drivers reported violat-
ing their logbook, while 63% of drivers of other
trailer configurations reported the same violation.

Annual Mileage

It is not surprising that as annual miles driven
increases, so does the percentage of reported acci-
dents, moving violations, and logbook violations.
Of those drivers reporting 50,000 miles or less dri-
ven in the past year, 10% reported being involved
in an accident; 20% received a moving violation;
and 35% reported violating their logbooks. These
figures increase as annual mileage increases and are
20%, 30%, and 67%, respectively, for those dri-
vers reporting over 160,000 miles in the last year.
This positive relationship is expected since it is like-
ly that those driving more miles are violating hours
of service regulations and, therefore, are more like-
ly to be involved in an accident or receive a mov-
ing violation. The more miles driven, the more
likely a driver is to be cited for a moving violation,
and the more hours they have to falsify their log-
books to make up for the obtainable, but probably
illegal, miles driven. It may well be noted, howev-
er, that the percentage involved in accidents
increases with miles driven at a decreasing rate,

6 JOURNAL OF TRANSPORTATION AND STATISTICS APRIL 2000



which may indicate that those drivers who drive
more miles may be safer when compared on a per-
mile basis.

Sleep in the Last 24 Hours

To examine preliminarily the effect of sleep on
safety, we considered our three safety measures
across hours of sleep in the last 24 hours. This is a
rough proxy for sleep patterns, since sleep in the
past 24 hours may have been atypical of usual
sleep patterns, but the results are interesting from a
fatigue perspective.

Not surprisingly, those who report zero hours of
sleep in the last 24 hours are most likely to have
also reported an accident in the past year (28%
versus roughly 15% for the rest of the sample).
These drivers are also most likely to have violated
the hours of service regulation in the last 30 days;
68% of those with no sleep reported logbook vio-
lations, as did 93% of those with 5.5 hours or less.
These figures are significantly higher than the aver-
age of 50% for the rest of the driver sample.

Education

The pattern of the relationship between education
and safety is seemingly contradictory. College
graduates stand out from the other education cate-
gories. This group is by far the most likely to vio-
late the hours of service regulations (84% versus
roughly 55% for the rest of the sample) and is also
the most likely to have reported an accident in the
past year (22%0). However, this group is the least
likely to have received a moving violation (17%
versus 30% for the remainder of the sample).

THE MODEL

A regression model is used to explain the rates of
accident, moving violation, and logbook viola-
tions. A probit model specifically is used because of
the dichotomous nature of the response variables.®

8 The choice of a probit model over logit is somewhat
arbitrary, however, assuming a normal distribution over a
logistic distribution affects estimates little in our model.
According to Greene (1997), we would expect very differ-
ent predictions from the two models if there were very few
responses or non-responses in the data set or if there were
a wide variation in a key explanatory variable. Neither of
these applies to our data set. Logit estimates are available
from the authors.

A driver either has an accident or moving violation
or logbook violation or not; the factors which
affect the probability of these events occurring are
what is of interest. The probit model allows us to
estimate the effects of key variables while holding
all other variables constant. The coefficients pre-
sented are the derivatives of the probit function
evaluated at the mean, allowing us to interpret the
coefficients as “marginal effects.”

Three separate models were estimated using
identical explanatory variables and a dependent
response variable of accident, moving violation, or
logbook violation. The explanatory variables
include dummy or continuous variables of basic
demographic variables and industry related vari-
ables. The variables include gender, education
level, race, ethnicity, veteran status, union status,
marital status, job tenure, occupational experience
and its square, driver training, trailer configura-
tion, mileage in the last 24 hours, sleep in the last
24 hours, and a calculated mileage pay rate.* The
explanatory variables differ somewhat from the
variables viewed in the initial descriptive statistics.

First, education is split into four categories: less
than high school, high school graduates, those with
degrees from vocational or technical schools or
associate’s degrees, and those who completed some
or all of college. High school is the omitted refer-
ence group in the model, since most drivers report-
ed a high school degree as their terminal education.

Continuous variables for occupational experi-
ence and its square are included and age omitted
because of the high correlation between the vari-
ables. Occupational experience and its square are
desired to reflect the possibility of a learning curve
that may increase at a decreasing rate. As experi-
ence increases, the probability of the three events
occurring is likely to decrease but only to a certain
point, at which other factors may have greater
influence on safety.

Experience is a strong determinant in driver safe-
ty, but the next logical step is to question the method
of driver training. Will a driver who goes through
weeks of classroom and on-the-road training be a
safer driver than one who learns ““on-the-job,” all

4 Correlation coefficients indicate little problem with mul-
ticollinearity in the model. A full set of correlation coeffi-
cients is available from the authors.
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else being equal? Dummy variables for different
types of training were included, with on-the-job
omitted as the reference group. The included dum-
mies are private school, public or technical school,
courses offered by a trucking company, the military,
or other (mainly learned from family or friends).

Different trailer configurations often present dif-
ferent schedules that drivers must abide by, thereby
creating an indirect safety variable via this schedule
variance. For example, a driver hauling livestock or
a tanker of milk in August is more likely to be con-
strained by a strict delivery schedule than a driver
pulling pallets of salt in a drybox. Drybox is the
configuration taking a value of one for this vari-
able, with all other configurations at zero.

Continuous variables for mileage and sleep in the
last 24 hours are included to capture a driver’s
“normal” driving habits. A driver may report
mileage or hours different from his or her norm, but
it is assumed that drivers’ pictures of the last 24
hours represent, on average, a typical scenario.
These are important variables because of the inher-
ent connection with hours of service laws and
implied industry values toward sleep and safety.
Miles in the last 24 hours may provide a good illus-
tration of an individual’s driving pattern. For exam-
ple, 2 drivers with the same annual mileage, say
110,000 miles, may have very different driving pat-
terns, with 1 driving a regular schedule and never
exceeding hours of service regulations and the other
regularly exceeding limits on driving time either due
to company pressures or his or her own preferences.

Annual income and annual miles are dropped in
favor of a continuous, computed variable of the
ratio of annual income to annual miles. The com-
puted form is favorable because it avoids a corre-
lation problem between income and mileage and
allows for comparison across different methods of
compensation. The calculated mileage rate also
accounts for pay for nondriving time. A dummy
variable for method of payment is included, taking
a value of one if the driver is paid by the hour and
zero otherwise. We would expect those paid by the
hour to be more likely to be regional or local dri-
vers or to be those drivers working in the “better”
trucking jobs with better working conditions.
Therefore, the coefficient on this variable is expect-
ed to be negative in each of the models.

Additionally, controls are included for type of
commodity hauled. This provides a more detailed
distinction between for-hire and private carriage
drivers. The omitted group is general freight, typi-
cally characterized as “for-hire.”®

Finally, regional dummies are included in the
model for accidents. Drivers report that driving
conditions are more hazardous in some parts of the
country, so the region where the driver typically
works may play a role in the probability of having
been involved in an accident, making region an
important control variable. The omitted group is
Upper-Midwest, and we would expect the coeffi-
cients on the dummies for Northeast and Mid-
Atlantic (the East coast states) to be positive in this
model.

Results

Accident Probit

Table 5 summarizes the results of the probit esti-
mation. The statistically significant variables in the
accident model are pay rate and method of pay-
ment, marital status, firm size, region, and source
of training. The coefficient on the mileage rate
variable is -0.176, indicating that a $0.10 increase
in the rate paid per mile would decrease the prob-
ability of being involved in an accident by 1.76%.
Likewise, the coefficient on the dummy variable
for hourly pay is negative and significant, -0.102,
indicating that those drivers paid by the hour are
10.2% less likely to have been involved in an acci-
dent than those paid by the mile or by a percentage
of revenue.

Also negative and statistically significant is the
coefficient for the separated, widowed, or divorced
group. This group is 8.9% less likely to be involved
in an accident than their single counterparts, all
else being equal. Those drivers who received train-
ing through a trucking company program are 14%
more likely to have been involved in an accident
that those who learned on-the-job.

The coefficients on firm size are negative for the
larger firms but only statistically significant for
firms with 1,000 to 4,999 employees. Drivers at

5> Coefficients are not presented for these control variables;
however, they are available from the authors on request.
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TABLE 5 Results of Probit Estimation
Moving Logbook Moving Logbook
Variable Accident  violation  violation Variable Accident  violation  violation
name model model model name model model model
Pay characteristics Firm size (in employees)
Mileage rate -0.176* -0.115 -0.353** 25 0.028 -0.087 -0.013
(1.80) (1.06) (2.87) (0.57) (1.34) (0.14)
Paid hourly -0.102** -0.042 -0.168* 100 -0.004 -0.123 0.110
(2.41) (0.55) (1.64) (0.07) (1.67) (1.05)
Education 250 -0.007 -0.050 0.059
Less than 0.0008 0.074 -0.014 (0.11) (0.59) (0.54)
high school (0.02) (1.11)  (0.16) 500 —8-228 —2-224** g-gl**
Vocational/ -0.064 -0.029 -0.063 (0.66) (3.53)  (257)
associate’s degree (1.07) (0.31) (0.52) 1,000 _2'411%0** —2-%27* —(1)-(3;36*
College 0.059 -0.027 0.273** (2.47) (1.63) (1.68)
(1.22) (0.42) (3.46) 5,000 -0.083 -0.141 -0.204
- (1.10) (1.00) (1.12)
Demographics
Last 24 hours
African -0.064 0.046 -0.269** -
American (1.32)  (054)  (2.66) Miles 0.00003  0.0002" 0.0001
Hispanic and -0.063 0.077 -0.086 (0.56) (1.82) (1.00)
Native American (0.88) (0.56)  (0.51) Sleep —8-(7)(;5 8g87 —2-228**
Veteran 0.007 -0.015 0.069 ©0.78) - ( - _) (3.16)
(0.18) (0.28) (0.98) Source of driver training
Union 0.079 -0.195** -0.041 Private trucking -0.050 -0.151** 0.064
(1.18) (2.45) (0.37) school (1.07) (2.15) (0.64)
Female -0.043 -0.085 -0.374* Public or -0.089 0.183* -0.211
(0.38) (0.49) (1.75) technical school (1.61) (1.65) (1.58)
Married -0.087 -0.068 0.220** Trucking 0.144* 0.035 -0.008
(1.42) (0.79) (1.96) company (1.67) (0.34) (0.07)
Separated, -0.089* 0.057 0.179 Military -0.032 0.069 0.107
divorced, widowed (1.76) (0.61) (1.52) (0.49) (0.61) (0.79)
Employee type Other, family -0.130 -0.065 -0.100
Owner— 0.041 0.102* 0.102 member (©28) (0989 (.11
operator (1.04) (1.70)  (1.35) Diagnostics on model
Van type Likelihood ratio 77.07 85.38 126.4
Drybox 20,043 0052  —0179% (p—value) (0.014) (0.0003) (0.000)
(1.14) (0.93) (2.52) Pseudo R? 0.22 0.17 0.25
Occupational -0.004 0.002 0.015
experience (0.79) (0.18) (1.29)
Occupational 0.00007 -0.00008 —0.0007**
experience— (0.59) (0.39) (2.48)
squared
*significant at 10% level  ** significant at 5% level

this size firm are 11% less likely to be involved in
an accident than those drivers employed at the
smallest firms, those with less than 25 employees.

Finally, two regions had statistically significant
coefficients in the accidents model. Those drivers
who typically work in the Northeast are nearly
56% more likely to be involved in an accident than

those working in the Upper Midwest. Those work-
ing in the Mid-Atlantic states are 21% more likely
than their Midwest counterparts to be involved in
an accident. These findings support the assump-
tions made a priori.

It was expected that sleep in the last 24 hours
and trailer configuration would significantly affect
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the probability of reporting an accident. It is likely
that these variables and others were not significant
because drivers were asked to report only if they
had an accident within the last year. Also, “close
calls,” or nonreported accidents, are excluded.
These important safety measures are, unfortunate-
ly, impossible to incorporate.

Moving Violation Probit

Union membership, firm size, owner-operator sta-
tus, mileage in the last 24 hours, and training at a
private trucking school or a public/technical school
significantly affect the probability of a driver report-
ing a moving violation. Union employees are nearly
20% less likely to have received a moving violations
than nonunion drivers. This is not surprising since
union drivers typically experience better working
conditions and are paid for all of their time, which
makes driving at excessive speeds less necessary.
Owner-operators are 10% more likely to receive
a moving violation than employee drivers. Also
playing a positive and statistically significant role is
miles in the last 24 hours, with a coefficient of
0.00017. This implies that driving an additional
100 miles in a 24-hour period increases the proba-
bility of receiving a moving violation by 2%.
Again, the coefficients on the larger firm sizes are
negative and statistically significant. Drivers at firms
with 500 to 999 employees are 25% less likely to
receive a moving violation, and those at firms with
1,000 to 4,999 employees are 13% less likely to
receive a moving violation than those drivers at
firms with less than 25 employees. Those drivers
who learned to drive a truck from a private trucking
school are 15% less likely to receive a moving vio-
lation, and those who learned at a public or techni-
cal school are 18% more likely to receive a moving
violation than those drivers who learned on-the-job.

Logbook Violation Probit

Greater amounts of sleep in the last 24 hours, haul-
ing a drybox, higher mileage rates, pay by the hour,
and being Black or female decrease the probability
of reporting a logbook violation. Drivers who grad-
uated from college or have some college are more
likely than high school graduates to violate their
logbook, and married drivers are more likely to vio-
late their logbooks than their single counterparts.

Mileage rates and method of pay play a statisti-
cally significant role in driver safety when it comes
to hours of service violations. Those drivers paid
by the hour are nearly 17% less likely to violate
their logbooks. The coefficient on mileage rate is
-0.35, indicating that a $0.10 increase in the
mileage rate decreases the probability of violating
the logbook by 3.5%. Blacks are 27% less likely to
report working more than they logged in the last
30 days than Whites, all else being equal. Females
are also less likely to report violating their log-
books: 37% less likely than male drivers.

Firm size again plays a statistically significant
role, though this is not as straightforward as the pre-
vious two models. Those drivers at firms with 500
to 999 employees are 27% more likely to violate
their logbooks than drivers at the smallest firms.
However, drivers at firms sized 1,000 to 4,999 are
nearly 20% less likely to violate their logbooks. It
should be noted that the coefficients on the largest
firms (5,000 or more) are negative, and those at
medium sized firms are positive, though not signifi-
cant. Thus, it appears that drivers at the largest of
the large firms are less likely to violate hours of ser-
vice regulations (or less likely to admit doing so).

Drivers pulling a drybox rather than any other
trailer configuration are 18% less likely to violate
their logbooks. This is most likely because of the time
constraint associated with perishables and other
schedule-sensitive trailer configurations. Drivers who
sleep more are less likely to violate their logbooks.
For every increased hour of sleep, a driver is almost
4% less likely to report a logbook violation.

College graduates and drivers who have attend-
ed but not graduated from college follow the pat-
tern first seen in the descriptive statistics. They are
27% more likely to violate their logbooks than
those with a high school degree. A possible expla-
nation is that as the education level increases, dri-
vers become more sophisticated in manipulating
their logbooks and feel more confident in their
ability to successfully violate the law.

Those who are married are 22% more likely to
violate their logbooks than single drivers. This may
be due to those drivers being in more of a hurry to
complete a dispatch and return home or due to
pressures to drive more in order to increase annu-
al earnings.
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SUMMARY AND CONCLUSION

Using data on truck drivers from the 1997
University of Michigan Trucking Industry Program
Survey of Drivers, we estimated the relationship
between three safety measures and driver charac-
teristics. As expected, sleep and miles driven signif-
icantly affect driver safety via moving and logbook
violations. Driving 100 more miles in the last 24
hours increases the probability of receiving a mov-
ing violation by 2%, and sleeping an additional
hour in a 24 hour period decreases the probability
of violating the logbook by nearly 4%.

Most notably, occupational, not demographic,
variables appear to be more significant determinants
of safety in the trucking industry. Mileage rate and
method of payment significantly affect the probabil-
ity of being involved in an accident or violating a
logbook. Those paid at higher effective mileage rates
were less likely to be involved in an accident or vio-
late the logbook, as were those who were paid by
the hour rather than by some other pay scheme.

Also statistically significant is firm size. Those at
very large firms (1,000 to 4,999 employees) were

119% less likely to be involved in an accident, 13%
less likely to receive a moving violations, and 20%
less likely to violate their logbooks than those at
very small firms (less than 25 employees). This may
indicate that the large trucking firms, long assert-
ing their commitment to safety, are succeeding.

Although truck driving has the potential to be a
dangerous job, we can see that safety could poten-
tially be improved by changing key determinants,
such as hours of sleep, miles driven, and method
and rate of pay. This study is benefitted by a
unique data set and should be replicated when the
second wave of data (collected in 1998) is available
to further determine policy prescriptions.
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